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Diffractive dissociation in proton-nucleus collisions at collider energies
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The cross section for the nuclear diffractive dissociation in proton-lead collisions at the LHC is
estimated. Based on the current theoretical uncertainties for the single (target) diffactive cross
section in hadron-hadron reactions one obtains σpA→pXSD (
√
s = 5.02 TeV) = 19.67 ± 5.41 mb and
σpA→pXSD (
√
s = 8.8TeV) = 18.76 ± 5.77 mb, respectively. The invariant mass MX for the reaction
pPb→ pX is also analyzed. Discussion is performed on the main theoretical uncertainties associated
to the calculations.
PACS numbers: 12.38.Bx; 13.60.Hb;13.75.-Cs;13.85.Lg
I. INTRODUCTION
The advent of the Large Hadron Collider (LHC)
opened a new window for the studies on diffraction, elas-
tic and inelastic scattering as they are not strongly con-
taminated by non-diffractive events. This is translated
in the Regge theory language saying that the scattering
amplitude is completely determined by a Pomeron ex-
change. The current measurements on the single and
double diffraction at the LHC in proton-proton colli-
sions are in very good shape, covering the energies of
0.9 TeV [1], 2.76 TeV [1] and 7 TeV [1–3]. As a gen-
eral aspect, they are compatible with several available
theoretical models. On the other hand, dissociation pro-
cesses in which nuclei are the diffractively excited objects
are far to be easily understood. The experimental con-
straints in these cases are given by low energy fixed-target
experiments [4–6] and it was found that measured target-
diffraction cross sections have quite distinct atomic mass
dependences when different beam particles are consid-
ered (h = p, π+, K+). In general, in those experiments
only the single diffractive dissociation of the target nu-
cleus (TSD), pA → pX , is measured. From theoretical
point of view, the TSD cross section at high energies is a
fraction of the quasi-elastic scattering cross section, i.e.
the process pA→ pA∗ where the nucleus is excited. The
theoretical understanding is still unclear as the dual par-
ton model [7] overestimates the HELIOS data. A more
optimistic approach is given by Ref. [8] where the diffrac-
tive dissociation in nuclei in proton-nucleus and meson-
nucleus collisions is analyzed and it is able to explain
the different atomic mass dependences as measured by
HELIOS [4] and EHS/NA22 [5] with the effect of us-
ing distinct beam hadrons. Finally, in Refs. [9, 10]
the cross sections for a variety of diffractive processes in
proton-nucleus (pA) are computed within the Glauber-
Gribov theory, where inelastic shadowing corrections are
summed to all orders by using the dipole representation.
Their predictions overestimate the HERA-B data around
30 % in the case of TSD cross section. Thus, an analy-
sis on the TSD cross section in the LHC regime is quite
timely.
In the present work, we investigate the single diffrac-
tive dissociation of the target nucleus (TSD) at the LHC
energies in proton-lead collisions. We think this is quite
relevant for the diffraction physics groups at LHC col-
laborations. The paper is organized as follows. In next
section we summarize the theoretical information to com-
pute the differential cross section d2σ/dtdMX as a func-
tion of center of mass energy,
√
s, and atomic number, A.
In section III we present the numerical calculations and
discuss the main theoretical uncertainties and a compari-
son to other approaches is done. We cross check the con-
sistency of phenomenological approach against the low
energy fixed target experiments on proton-nucleus colli-
sions. Finally, we show the main conclusions.
II. THEORETICAL FRAMEWORK AND
PHENOMENOLOGICAL APPLICATIONS
Let us summarize the main expressions related to the
theoretical approach to be used in the current analysis.
The invariant cross section of a process of the type hp→
h′X for hadron-proton collisions is written as
E
d3σ
dp3
=
s
π
d2σ
dt dM2X
, (1)
where MX is the invariant mass of diffractively excited
system. Often, in literature one uses the variable ξ =
M2X/s to describe such process. In the Regge theory,
in the single pole approximation, the single-diffractive
cross section for producing a high-mass system, MX , is
dominated by the triple-Regge diagrams. At very high
energies, the process is dominated by the (IPIP )IP and
(IPIP )IR terms. The later, dominates the process at
very low mass and vanishes at higher masses. The sin-
gle diffractive cross section, Eq. (1), is then expressed
in terms of the triple Regge limit [11] and we take into
account the dominant one, (IPIP )IP . We notice that the
rich resonance structure in the low mass region is ignored
in present work (for details on the complete treatment of
low MX region see, e.g. Refs. [12, 13]). Here, the ap-
proach is supplemented by a phenomenological procedure
in order to take into account corrections that guarantee
2unitarity [14]:
d2σSD
dξ dt
(hp→ hX) = fhR(ξ, t)× σIPp(M2X = s ξ) (2)
where the function fhR is the renormalized Pomeron flux
factor. A comment is in order here: it is well known
that the unitarity bound can be easily broken in Regge
models with the Pomeron intercept above unity, and that
unitarity, or absorption corrections, restore it. These cor-
rection have been studied in numerous works for the total
and diffractive cross section. We have chosen the ad hoc
parametrisation of Ref. [14] for its simplicity and easy
numerical implementation.
Following Ref. [14], this flux is constructed based on
the the standard flux factor given by the Donnachie-
Landshoff expression [15], fhS (ξ, t). Namely,
fhR(ξ, t) =
1
N(s)
β2h
16π
F 2(t) ξ[1−2αIP(t)], (3)
N(s) =
∫ ξmax
ξmin
∫ 0
−∞
fhS (ξ, t) dt dξ, (4)
where ξmin = 1.5/s and ξmax = 0.1. The standard flux
factor is obtained from Eq. (3) putting N(s) = 1. Here,
βp = 6.82 GeV
−1 is the hadron-pomeron coupling at the
quasi-elastic vertices (see Ref. [16]). The quantity F (t)
is the hadron form factor, in general modeled for proton
case by the Dirac form factor. The Pomeron-proton cross
section, appearing in Eq. (1), is written as
σIPp(M
2
X) = βp gIP (s ξ)
ǫ, (5)
with gIP = 0.87 GeV
−1 and the Pomeron trajectory
α(t) = 1 + ǫ + α′t. In our numerical calculation we
take ǫ = 0.104 and α′ = 0.25 GeV −2 as obtained in
Ref. [16]. Finally, the diffractive cross section for the
process pp → pX is obtained by integrating Eq. (1) in
the experimental limits for t and MX variables.
Concerning diffraction in nuclear collisions, the invari-
ant cross section for the reaction hA→ hX is expressed
as follows [17]:
d3σ
dx dp2T
(hA→hX) =
A∑
m=1
σhAm D
N
m(x, p
2
T ), (6)
where the distribution DNm(x, p
2
T ) is generated by a re-
currence formula using the assumption [18]:
DNm=1(x, p
2
T ) =
1
σhpinel
(
d3σ
dx dp2T
)hN→pX
. (7)
The quantity σhAm is the partial inelastic cross section
resulting of m interactions, which is written in terms of
the probability, PA(b), of a nucleon to suffer an inelastic
interaction at a given impact parameter b:
σhAm =
∫
d2b
A!
m!(A−m)! P
m
A (b) [1−PA(b)]A−m, (8)
where PA(b) is expressed in terms of the nuclear density,
ρA(z, b),
PA(b) = σ
hp
inel
∫ +∞
−∞
dz ρA(z, b). (9)
Concerning the nuclear densities, for light nuclei (A ≤
12) we have used a Gaussian distribution with the width
properly adjusted to the radius. Following Ref. [19],
we consider ρA(~r) = ρmax exp(−r2/2R20), with R0 =
R/
√
2 ln 2 and the half-density radius adjusted to R =
1.8885 fm. For heavier nuclei (A ≥ 12), ρ(r) is calculated
according to the Woods-Saxon formula [20]. For the in-
elastic cross sections σhpinel in Eq. (9) we have considered
the parameterization presented in Ref. [21], which de-
scribes properly the accelerator data.
When only diffractive events are taken into account, it
is enough to putm = 1 as these processes are supposed to
take place through single peripheral interactions with the
outlying nucleons [8]. The last factor in square brackets
in Eq. (8) controls the impact parameter dependence and
makes the process peripheral e naturally cuts the largem
contribution. Therefore, based on this argument one uses
Eqs. (6) and (7) to write down the single diffractive com-
ponent of the invariant cross section in hadron-nucleus
collisions as
d2σSD
dξ dt
(hA→hX) = S2pA(s, A)
d2σSD
dξ dt
(hp→hX), (10)
with S2pA(s, A) = σ
hA
m=1/σ
hp
inel being a function weakly
dependent on energy. Integrating Eq. (10) over ξ and t,
one obtains for the single diffractive hadron-nucleus cross
section:
σSD(hA→hX) = S2pA(s, A)σSD(hp→hX). (11)
In next section we will perform the numerical cal-
culation using expressions above in hadron-hadron and
proton-nucleus collisions, including the comparison to
low energy fixed target measurements.
III. RESULTS AND DISCUSSION
Before presenting the predictions for the single diffrac-
tive cross section at pA collisions at the LHC, we will
check the reliability of the current model. The descrip-
tion of low energy and Tevatron data was already tested
in Ref. [14]. As a cross-check, we consider the AL-
ICE data [1] at
√
s = 0.9, 2.76 and 7 TeV (MX < 200
GeV/c2) and preliminary data from TOTEM [2] (3.4 <
MX < 1100 GeV/c
2) and CMS [3] (12 < MX < 394
GeV/c2) as well. The model fairly describes data within
the error bars and it is consistent with the analysis pre-
sented by the ALICE Collaboration [1]. Imposing the
same mass-cut as used in LHC experiments we obtain
σtheoSD (MX < 200) = 6.67 mb, σ
theo
SD (3.4 < MX < 1100) =
6.48 mb and σtheoSD (12 < MX < 394) = 3.79 mb at
√
s = 7
3TeV. These results can be compared to the measured val-
ues 12.2± 6.6 mb (ALICE), 6.5± 1.3 mb (TOTEM) and
4.27± 0.87 mb (CMS), respectively.
Now, the second step is to test the reliability in de-
scribing the proton-nucleus data. In Fig. 1 is shown the
prediction for the diffractive dissociation as a function of
atomic mass number. We have compared it to the low en-
ergy proton-nucleus data available from HELIOS [4] (Be,
Al, W) and HERA-B [6] (C, Al, Ti, W) experiments.
The curve is obtained using the HELIOS experimental
cuts 0.01 ≤ |t| ≤ 0.36 (GeV/c)2 and (M2X/s) ≤ 0.075.
The model provides a good description for the A depen-
dence in proton-nucleus case. A comparison of the same
approach using π+ and K+ beams instead of protons
has been done in Ref. [8] and it nicely describes the
EHS/NA22 data [5]. Thus, the phenomenological model
provides a fairly good description for soft nuclear diffrac-
tion. In the referred low-energy experiments only the sin-
gle diffractive dissociation of the target nucleus (TSD),
pA→ pX , is measured. Theoretically, the TSD cross sec-
tion at high energies is a fraction of the quasi-elastic scat-
tering cross section, where the nucleus is excited. Along
these lines, in Refs. [9, 10] the TSD cross section has been
computed using Glauber-Gribov theory including inelas-
tic corrections to all orders of the multiple interaction. It
was shown in [9] that the simple Glauber model overesti-
mates the HERA-B data in around 30 %. The inclusion
of inelastic correction introduces a relative sensibility to
the model-dependence and it is able to describe reason-
ably the data. For sake of comparison, we contrast our re-
sults and those from Ref. [10] for carbon and wolfran. We
obtain σtheoTSD(pA→ pX) = 9.15 mb and 20.7 mb whereas
in Ref. [10] it was found σtheoTSD(pA → pX) = 12.7 ± 0.2
mb and 34.7±1.0 mb, respectively. The measured values
by HERA-B are σexpTSD(pC → pX) = 9.2 ± 2.3 mb and
σexpTSD(pW → pX) = 23.8± 6.3 mb.
Finally, let us perform predictions for the cross sec-
tion in proton-lead collisions at the LHC. It is consid-
ered the previous centre of mass energy of 5.02 TeV and
also 8.8 TeV (the design pA energy). In Fig. 2 we
show the differential cross section as a function of the
invariant mass MX for the reaction pPb → p+X using
the cut |t| ≤ 1 (GeV/c)2. Using the conservative cut
M2X ≤ 0.05s the theoretical predictions for the cross sec-
tion σpA→pXSD are 13.9 mb and 15.4 mb for
√
s = 5.02
TeV and 8.8 TeV, respectively. On the other hand, the
theoretical uncertainty can be estimated using the AL-
ICE analysis on pp collisions (see Fig. 11 of Ref. [1]),
where a comparison among distinct theoretical models
was performed. Using an extrapolation from that analy-
sis, we obtain σpA→pXSD (
√
s = 5.02TeV) = 19.67±5.41mb
and σpA→pXSD (
√
s = 8.8TeV) = 18.76 ± 5.77 mb. There-
fore, the results presented here can be then considered
a lower bound for the single diffractive production. The
present calculation can be directly compared to predic-
tions in Ref. [10], where it was found σtheoTSD(pPb→ pX) =
17.59± 0.04 mb. The agreement is good and in Ref, [10]
the TSD cross section is obtained from the cross section
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FIG. 1: (Color online) The data for single-diffractive cross
section for the reaction pA → pX for several nuclear targets
from HELIOS [4] and HERA-B [6] collaborations. The theo-
retical curve (solid line) is obtained from Eq. (10) taking the
experimental cuts from HELIOS analysis.
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FIG. 2: (Color online) Differential cross section dσSD/dMX
for the reaction pA → pX, integrated over t, for the nuclear
target lead. The dot-dashed line corresponds to the energy
of
√
spA = 5.02 TeV and the solid line stands for
√
spA = 8.8
TeV, respectively.
for quasi-elastic process, pA→ pA∗, in the following way:
σTSD(pA→ pX) = σ
pp
sd
σppel
σQEL(pA→ pA∗) (12)
The expression above allow us to calculate predictions
for the quasi-elastic cross section. Using the parameter-
ization for the elastic cross section from Ref. [21], we
obtain σQEL(pA→ pA∗) = S2pA(s, A)σppel = 80.0 mb and
80.5 mb (for 5.05 TeV and 8.8 TeV, respectively). This
is slightly lower than 112.65 mb obtained in Ref. [10] us-
ing Glauber approach and nucleon-nucleon short range
correlations.
4As a last analysis, we need to estimate the single
diffractive beam component (BSD), pA → XA. In Ref.
[22] the inelastic coherent nuclear diffraction is investi-
gated and the role played by color fluctuations in the
projectile wave function was demonstrated. The expres-
sion for the diffractive cross section for BSD is non-trivial
in general case but an approximated expression which is
qualitatively good for all values of A is given by [22]:
σBSD(pA→ XA) ≃ ωσ 〈σ〉
2
4
∫
d2b T 2A(b) e
−〈σ〉TA(b),
(13)
where ωσ ≡ [〈σ2〉 − 〈σ〉2]/〈σ〉2 (with 〈σ〉 = σpptot) and
TA is the nuclear profile function. Following Ref. [23],
we consider ωσ = 0.1 for the LHC energies and the to-
tal cross section from [21] (we checked that the approxi-
mated expression is a factor 2 below the full calculation
from [23] for lead nuclei). We found the following values:
σBSD(pA → XA) = 11.8 mb and 11.5 mb for
√
s = 5.02
and 8.8 TeV, respectively. This is order of magnitude
compared to the TSD cross section computed here.
In summary, we have presented a phenomenological
analysis on the diffractive cross section of proton-nucleus
collisions. Based on the current theoretical uncertain-
ties on the diffractive hadron-hadron cross section, we
obtain the following values for the single (target) disso-
ciation cross sections, σTSD(pA → pX) = 19.67 ± 5.41
mb and 18.76± 5.77 mb at √s = 5.02 TeV and 8.8 TeV.
For the quasi-elastic cross section we obtain σQEL(pA→
pA∗) ≃ 80 mb in the same energy range, whereas for
the single (beam) dissociation cross section it was found
σBSD(pA→ XA) ≃ 12 mb.
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